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Jatropha,  a  non-edible  oil  seed  yielding  plant  has  been  identified  by  the  Government  of  India  to  produce 
biodiesel  under  National  Biodiesel  Mission.  Failure  of  National  Biodiesel  Mission  Phase-I  requires  critical 
analysis  of  all  the  possible  facts  related  to  its  long-term  sustainability.  Present  work  identifies  important 
sustainability  issues  related  to  promotion  of  Jatropha  biodiesel  in  India.  These  sustainability  issues  have 
been  regrouped  in  four  major  categories:  technological,  environmental,  economic  and  social.  This  paper 
attempts  to  explore  various  sustainability  issues  taking  into  account  the  recent  Indian  experiences  with 
possible  government  support/initiatives  for  successful  adoption  of  Jatropha  biodiesel  in  Indian  scenario. 
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1.  Introduction 
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Deteriorating  global  environment,  unsustainable  energy  con¬ 
sumption  rate,  unequal  distribution  of  resources  and  resulting 
social  tensions  are  natural  outcomes  of  an  unplanned  growth.  It 
has  been  feared  that  growing  pressure  on  the  environment  will 
outpace  the  present  reform  process  turning  the  environment 
unsustainable.  A  sustainable  system  refers  to:  (a)  co-existence 
of  the  human  species  along  with  other  species,  (b)  maintaining 
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productivity  and  elasticity  of  economic  systems,  (c)  a  regenerative 
and  stable  environment.  India  as  a  developing  nation  has  the 
responsibility  of  achieving  its  development  goals  with  a  sustain¬ 
able  socio-economic  system.  To  achieve  a  sustainable  growth,  an 
independent  energy  system  is  a  pre-requisite.  Petroleum  products 
have  a  critical  impact  on  economics  of  India  due  to  severe  depen¬ 
dency  on  imports.  An  integrated  approach  is  required  for  managing 
the  energy  requirement  through  its  efficient  use,  conservation  and 
promotion  of  renewable  sources  [1].  Any  search  for  eco-friendly 
energy  alternatives  can  be  termed  as  an  effort  to  pay  much-needed 
respect  to  the  environment  [2]. 

The  world  is  confronting  with  the  twin  crisis  of  fossil  fuel 
depletion  and  environmental  degradation.  Uses  of  renewable  fuels, 
energy  efficiency  and  environmental  protection  have  become 
important  issues  in  recent  years.  Average  sector-wise  consump¬ 
tion  pattern  of  petroleum  products  in  India  is  shown  in  Fig.  1. 
Transport  sector  has  clear  dominance  in  overall  energy  require¬ 
ments.  In  2009-10  diesel  consumption  was  56.32  MT  in  India. 
Projected  diesel  demand  by  2020  may  be  around  100  MT  with  6% 
annual  growth  in  consumption  with  an  import  dependency  of  90% 
of  projected  demand.  These  figures  suggest  an  urgent  attention 
on  meeting  this  demand  in  sustainable  manner  without  affect¬ 
ing  the  environment.  In  India  diesel  consumption  stands  at  almost 
40%  of  total  petroleum  products  consumed  at  present,  hence  an 
alternative  fuel  needs  to  be  explored  for  partially  meeting  the  ever 
increasing  demand  of  diesel.  In  India,  it  has  been  projected  that 
maximum  contribution  of  renewable  energy  can  be  around  5-6%  by 
2031-32  under  optimistic  scenario.  Import  dependence  on  crude 
oil  is  expected  to  be  in  the  range  of  90%  in  next  decade  making 
energy  security  a  serious  concern  for  India  [4]. 

Biodiesel  feedstock  markets  worldwide  are  in  a  transition  from 
increasingly  expensive  first  generation  feedstocks,  such  as  soy, 
rapeseed,  and  palm  oil  to  alternative,  lower  cost,  non-food  feed¬ 
stocks  [5].  Among  various  alternatives  to  petroleum  diesel,  Jatropha 
biodiesel  looks  a  promising  option  for  India.  Jatropha  curcas  plant 
is  a  drought-resistant,  perennial  plant  living  up  to  50  years  and 
has  the  capability  to  grow  on  marginal  soils  as  it  requires  very  few 
nutrients  to  survive.  It  requires  very  little  irrigation  and  grows  in 
all  types  of  soils  along  with  arid  land  where  it  offers  the  additional 
benefit  of  erosion  control  thus  making  Jatropha  a  more  sustain¬ 
able  choice  than  other  vegetable  oils  [6-9].  There  are  several  other 
advantages  with  Jatropha  like:  shorter  gestation  period,  resistant  to 
common  pests,  produces  non-edible  oil,  not  consumed  by  the  cattle 
and  the  byproducts  of  biodiesel  are  also  quite  useful  as  biofertilizer 
and  glycerin.  The  seed  collection  period  of  Jatropha  does  not  coin¬ 
cide  with  the  rainy  season  in  June-July,  when  most  agricultural 
activities  takes  place.  This  makes  it  possible  for  people  to  generate 
additional  income  in  the  slack  agricultural  season  [10].  Since  India 
has  a  large  wasteland  area  suitable  for  Jatropha  cultivation,  it  can 
supply  large  volume  of  biodiesel,  provided  its  cost  of  production 
becomes  compatible  with  the  price  of  petroleum  diesel. 

Government  of  India  tried  to  ensure  5%  blending  of  petro-diesel 
with  biodiesel  by  2007  under  National  Biodiesel  Mission  Phase-I. 
But  set  target  could  not  be  achieved  and  this  failure  of  National 
Biodiesel  Mission  Phase-I  requires  a  critical  analysis  of  all  possible 
causes  for  ensuring  its  long-term  sustainability. 

The  present  work  explores  those  issues,  which  require  intensive 
studies  to  make  Jatropha  biodiesel  a  sustainable  option. 

2.  Rationale  behind  sustainability  analysis  of  Jatropha 
biodiesel 

Phase  II  of  the  National  Biodiesel  Mission  of  India  has  the 
objective  of  producing  sufficient  vegetable  oil  based  biodiesel  to 
achieve  20%  blending  of  petro-diesel  through  accelerating  the 
momentum  achieved  in  the  demonstration  project  during  Phase  I, 


converting  plantation  into  a  mass  movement  and  consequent  geo¬ 
metrical  expansion  of  plantation  and  other  connected  activities  all 
over  the  country.  The  demonstration  project  was  initiated  in  2003 
and  was  scheduled  to  be  completed  by  2007  while  Phase  II  was 
supposed  to  be  started  in  2007  and  is  scheduled  to  be  completed 
by  201 2  [  1 1  ].  The  major  reasons  cited  for  taking  up  this  mission  are 
as  follows: 

•  bio-diesel  being  a  superior  fuel  than  petro-diesel  from  the  envi¬ 
ronmental  point  of  view; 

•  use  of  bio-diesel  becomes  compelling  in  view  of  the  tightening  of 
automotive  vehicle  emission  standards  and  court  interventions; 

•  the  need  to  provide  energy  security,  specially  for  the  rural  areas; 

•  the  need  to  create  employment; 

•  providing  nutrients  to  soil,  checking  soil  erosion  and  land  degra¬ 
dation; 

•  rehabilitating  degraded  lands  through  greening; 

•  addressing  global  concern  relating  to  containing  carbon  emis¬ 
sions  as  provided  in  the  framework  convention  on  climate 
change;  and 

•  reduce  dependence  on  crude  oil  imports. 

The  mission  document  fails  to  identify  possible  threats  to  this 
mission.  Phase-I  of  the  mission  has  failed  to  attract  sufficient  num¬ 
ber  of  demonstration  project  and  Phase-II  has  failed  to  take  off.  The 
obvious  reasons  behind  the  failure  of  Phase-I  and  likely  failure  of 
Phase-II  are:  the  inability  on  identifying  critical  sustainable  issues 
and  possible  corrective  measures  and  policy  initiatives  by  the  state. 

3.  Important  issues  pertaining  to  sustainability  of  Jatropha 
biodiesel  in  India 

Adoption  of  Jatropha  biodiesel  or  any  other  biodiesel  as  a  sub¬ 
stitute  to  diesel  requires  a  critical  analysis  of  its  sustainability 
issues.  A  careful  identification  of  various  sustainability  issues  and 
establishing  their  dynamic  relationship  is  a  prerequisite  for  such 
critical  analysis.  Following  sustainability  parameters  have  been 
identified  and  critically  analyzed  for  a  sustainable  adoption  of  Jat¬ 
ropha  biodiesel  in  Indian  scenario.  These  sustainability  issues  can 
be  regrouped  in  four  major  categories:  technological,  environmen¬ 
tal,  economical  and  social. 

3.1.  Technological  issues 

For  successful  adoption  and  promotion  ofjatropha  biodiesel  the 
most  critical  issue  is  its  physical  and  chemical  properties  as  com¬ 
pared  to  that  of  petro-diesel  so  that  it  can  be  used  straight  away 
in  existing  engines  without  any  major  modifications.  Important 
physio-chemical  properties  of  Jatropha  biodiesel  as  compared  to 
petro-diesel  are  listed  in  Table  1. 


Table  1 

Properties  of  diesel  and  Jatropha  biodiesel  [12]. 


Property 

Diesel 

Jatropha  biodiesel 

Density  (kg/m3) 

840  ±1.732 

879 

Kinematic  viscosity  at  40  °C  (cSt) 

2.44  ±0.27 

4.84 

Cetane  number 

48-56 

51-52 

Pour  point  (°C) 

6  ±  1 

+3 

Flash  point  (°C) 

71  ±3 

191 

Conradson  carbon  residue  (%,  w/w) 

0.1  ±0.0 

0.01 

Ash  content  (%,  w/w) 

0.01  ±0.0 

0.013 

Calorific  value  (MJ/kg) 

45.34 

38.5 

Sulfur  (%,  w/w) 

0.25 

<0.001 

Carbon  (%,  w/w) 

86.83 

77.1 

Hydrogen  (%,  w/w) 

12.72 

11.81 

Oxygen  (%,  w/w) 

1.19 

10.97 
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Fig.  1.  Average  sector-wise  consumption  pattern  of  petroleum  products  in  India  [3]. 


Higher  Cetane  number,  very  low  sulfur  content,  built  in  oxy¬ 
gen  and  higher  flash  point  are  some  of  the  properties  favoring  the 
utilization  ofjatropha  biodiesel  as  fuel  in  existing  diesel  engines. 

Biodiesel  gives  considerably  lower  emissions  of  particulate  mat¬ 
ter  (PM),  carbon  monoxide  (CO)  and  hydrocarbon  (HC)  without 
any  increase  in  fuel  consumption  or  decrease  in  engine  perfor¬ 
mance.  Biodiesel’s  particulate  reducing  effect  could  be  attributed  to 
its  lower  aromatic  and  short-chain  paraffin  HC  and  higher  oxygen 
content.  It  has  been  observed  that  carbon  deposits  on  the  cylinder 
head,  piston  top,  piston  ring  grooves,  and  injector  of  biodiesel- 
fueled  engine  are  substantially  lower  compared  to  the  diesel-fueled 
engine  [13]. 

For  blended  diesel  with  Jatropha  biodiesel  experimentally  it 
has  been  observed  that  a  blend  of  50%  petro-diesel  with  50%  Jat¬ 
ropha  biodiesel  (B50)  fuel  gives  performance  comparable  to  that  of 
pure  diesel  (D100).  A  blend  of  80%  petro-diesel  with  20%  Jatropha 
biodiesel  (B20)  gives  good  mechanical  efficiency  at  full  loading  con¬ 
ditions  [14].  In  some  studies,  higher  thermal  efficiencies  with  lower 
brake  specific  fuel  consumption  (BSFC)  and  higher  exhaust  tem¬ 
peratures  have  been  reported  for  all  blends  of  biodiesel  compared 
to  mineral  diesel  [15].  But  in  some  other  studies  the  higher  BSFC 
and  lower  exhaust  temperature  have  been  reported  [16].  Techni¬ 
cally  Jatropha  biodiesel  possesses  the  required  properties  to  ensure 
satisfactory  performance  of  a  diesel  engine.  Certain  technological 
complications  require  to  be  addressed  to  make  biodiesel  acceptable 
to  automobile  industry.  Oxidation  during  storage,  poor  lubrication 
properties  and  problem  in  cold  starting  are  some  of  such  issues  [17]. 
Basic  problem  with  biodiesel  is  that  it  oxidizes  while  in  contact  with 
environment  with  respect  to  time  which  further  lead  to  increase 
in  fuel  viscosity  [18].  Biodiesel  is  more  prone  to  oxidation  when 
exposed  to  higher  temperature  due  to  the  formation  of  oxidation 
products  like  aldehydes,  alcohols,  shorter  chain  carboxylic  acids, 
insolubles,  gum  and  sediment  in  the  biodiesel,  which  may  often  be 
responsible  for  fuel  filter  plugging,  injector  fouling,  deposits  for¬ 
mation  in  engine  combustion  chamber  and  various  components  of 
the  fuel  system  [19].  The  oxidation  stability  ofjatropha  biodiesel 
has  been  found  to  increase  with  increase  in  dosage  of  antioxidant. 
It  is  found  that  dosing  of  200  ppm  of  antioxidant  is  the  minimum 
requirement  to  meet  EN  1 41 1 2  specification  for  biodiesel  oxidative 
stability  [20]. 

In  a  long-term  performance  evaluation,  the  engine  and  fuel  sys¬ 
tem  components  were  disassembled,  inspected  and  evaluated  to 
compare  wear  characteristics  after  4  years  of  operation  and  more 
than  6,00,000  miles  accumulation  on  B20,  no  difference  in  wear  or 


other  issues  were  noted  during  the  engine  teardown.  The  cylinder 
heads  of  B20  engines  contained  a  heavy  amount  of  sludge  around 
the  rocker  assemblies  that  was  not  found  in  the  diesel  engines.  The 
sludge  contained  high  levels  of  sodium  possibly  caused  by  accumu¬ 
lation  of  soaps  in  the  engine  oil.  The  B20  engines  required  injector 
nozzle  replacement  over  the  evaluation  and  teardown  period  this 
is  due  to  out  of  specification  fuel.  The  biological  contaminants  may 
be  the  cause  of  filter  plugging  [21  ]. 

The  cold  fuel  property  of  biodiesel  requires  improvement  for 
large-scale  penetration  of  biodiesel  [17,22].  Required  hardware 
modifications  may  involve  all  modified  injection  timing  and  dura¬ 
tion  for  better  combustion  of  biodiesel  in  diesel  engines  [23].  The 
addition  of  biodiesel  to  diesel  fuel  changes  the  physico-chemical 
properties  of  the  blends.  With  the  increase  of  biodiesel  concentra¬ 
tion  in  diesel-biodiesel  blends  density,  kinematic  viscosity,  cetane 
number,  high  heat  value,  flash  and  fire  point  of  the  blends  increase 
[24]. 

The  brake  power  and  torque  of  the  engine  with  diesel  fuel  are 
higher  than  those  with  biodiesel  for  both  naturally  aspirated  (NA) 
and  turbocharger  (TU)  operations.  Because  of  higher  fuel  density 
and  lower  heating  value,  biodiesel  shows  slightly  higher  BSFC  for 
both  NA  and  TU  operations  in  comparison  with  diesel  fuel.  The  use 
of  biodiesel  improves  the  performance  and  exhaust  emissions  of 
the  turbocharged  engine  better  compared  with  the  use  of  diesel 
fuel  [25]. 

The  characteristics  of  exhaust  emissions  and  particle  size  dis¬ 
tributions  of  PM  from  a  common  rail  direct  injection  (CRDI)  diesel 
engine  were  investigated  with  the  use  of  biodiesel  and  bioethanol 
blended  diesel  fuels.  The  use  of  biofuel-blended  diesel  fuels  reduced 
the  total  number  of  particles  emitted  from  the  engine.  However, 
when  compared  to  the  use  of  D100,  the  use  of  biodiesel-diesel 
blends  caused  the  emission  of  more  particles  smaller  than  50  nm, 
which  are  harmful  to  human  body  [26]. 

In  most  of  the  reported  studies  20%  blend  ofjatropha  biodiesel 
with  petro-diesel  is  found  to  be  suitable  for  normal  operations 
without  any  modifications  in  engine  specifications.  Thus  as  a  tech¬ 
nological  dimension  it  would  be  more  appropriate  to  go  for  blends 
rather  targeting  usage  of  100%  biodiesel  in  existing  engines  or 
developing  engines  for  operating  on  biodiesel  only. 

3.2.  Environmental  issues 

Self-sustainable  energy  sources  will  hold  the  key  to  prosperity 
of  India  in  future.  India  should  not  look  towards  a  certain  group  of 
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countries  to  meet  its  evergrowing  energy  needs.  It  should  seriously 
implement  bio-energy  development  programs  as  a  part  of  environ¬ 
mental  sustainability  in  the  form  of  clean  development  mechanism 
(CDM)  [27].  The  CDM,  established  by  the  Kyoto  Protocol,  promotes 
the  industrialized  nations  to  provide  resources  to  developing  coun¬ 
tries  in  order  to  support  their  sustainable  development,  while  at 
the  same  time  reducing  the  global  green  house  gases  (GHGs)  emis¬ 
sions  since  it  is  becoming  practically  impossible  to  achieve  it  in 
their  own  countries.  Biodiesel  does  not  overburden  the  environ¬ 
ment  with  C02  emission  as  C02  from  the  atmosphere  is  absorbed  by 
the  vegetable  oil  crop  during  the  photosynthesis  process,  while  the 
plant  is  growing.  It  has  already  been  reported  in  the  literature  that 
biodiesel  offers  net  C02  advantage  over  conventional  fuels  [28-30]. 
For  realization  of  high  economic  growth  rate  by  India,  in  the  com¬ 
ing  decades,  rapid  exploration  of  the  available  energy  options  is 
called  for.  Before  exploring  such  energy  options  it  will  have  to  keep 
in  mind  its  commitment  to  world  community  in  United  Nations 
Climate  Change  Conference  at  Copenhagen,  Denmark  in  December 
2009,  where  it  has  voluntarily  offered  to  cut  its  carbon  intensity  by 
between  20  and  25%  by  2020  from  2005  levels.  For  achieving  such 
ambitious  targets  it  will  require  to  search  for  such  energy  options 
which  offer  reduction  in  GHGs.  One  such  option  is  the  use  of  Jat- 
ropha  biodiesel  either  directly  or  with  its  blend  with  petro-diesel. 

The  Jatropha  plantations  projects  are  entitled  for  the  trade  of 
emission  certificates  for  C02  sequestration.  One  hectare  (ha)  area 
can  have  about  1600  Jatropha  plants  and  each  plant  has  about 
200  kg  of  biomass  after  five  years  of  life,  including  roots  with  dry 
matter  content  about  25%.  This  data  gives  a  dry  biomass  of  50  kg  per 
plant  or  80  tons  per  hectare  plantation.  About  half  of  this  biomass 
weight  is  carbon  dioxide,  i.e.  25  kg  per  plant  or  40  tons  per  hectare 
[31].  Thus,  each  hectare  of  Jatropha  plantation  in  fifth  year  will 
give  40  CERs  under  CDM.  The  trade  of  certified  emission  reduc¬ 
tions  (CERs)  pays  around  US  $15.13  per  ton  of  C02  sequestration  at 
current  market  price  (as  on  20/12/2010  at  NCDEX  Mumbai,  India) 
which  is  about  US  $605  per  ha. 

In  next  10  years  the  total  consumption  of  petro-diesel  is 
expected  to  rise  by  100%  from  present  consumption  level  of  around 
60  MT.  This  demand  cannot  be  met  only  through  petro-diesel  con¬ 
sumption  due  to  supply  constraints  and  its  impact  on  environment. 
On  conservative  basis  13.4  MT  of  petro-diesel  can  be  replaced  by 
Jatropha  biodiesel  by  utilizing  available  potential  waste  land  of 
13.4  Mha. 

Comparison  of  basic  combustion  equation  of  petro-diesel  with 
Jatropha  biodiesel  gives  an  insight  on  probable  C02  emissions 
reduction. 

Ideal  combustion  equation  for  petro-diesel  (C16H34)  can  be  rep¬ 
resented  as  [32] 

C16H34  +  24.502+92.12N2^  16C02  +  17H20  +  92.12N2  (1) 

Ideal  biodiesel  (C18H34  02)  combustion  equation  can  be  repre¬ 
sented  as [33] 

Ci8H3402  +25.502  +3.76N2  ->  18C02  +  17H20  +  95.88N2  (2) 

As  shown  in  Eq.  (1),  3.11  kg  C02  is  produced  for  each  kg  of 
diesel  fuel  used  and  approximately  the  same  amount  of  C02  would 
be  produced  for  an  equivalent  energy  content  of  biodiesel.  Avail¬ 
able  data  indicates  that  Jatropha  biodiesel  has  a  calorific  value  of 
38.5MJ/kg  and  45.34 MJ/kg  for  petro-diesel  [12].  Thus,  it  requires 
14.15%  more  Jatropha  biodiesel  (mass  basis)  to  produce  the  same 
amount  of  energy  as  that  of  petro-diesel,  whereas  the  theoret¬ 
ical  carbon  balance  shows  that  11.07%  more  Jatropha  biodiesel 
will  produce  the  same  amount  of  C02.  The  difference  is  mainly 
due  to  associated  oxygen  content  in  the  biodiesel.  It  is  among  the 
most  critical  sustainability  parameters  for  supporting  the  use  of 
biodiesel.  The  environmental  audits  of  the  entire  life  cycle  of  bio¬ 
fuels  prove  them  to  be  not  only  carbon-neutral  as  plants  absorb 
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Fig.  2.  Major  CO2  emitting  countries  of  the  world  [30]. 


carbon  dioxide  while  growing  but  also  carbon  sequestration  from 
20  to  100%.  Fig.  2  shows  India  is  among  the  top  five  C02  emit¬ 
ting  countries  of  the  world.  Using  biodiesel  would  definitely  lead 
to  reduction  in  C02  emissions. 

As  reported,  Jatropha  plantations  can  provide  alternative  viable 
options  to  improve  the  degraded  ecosystem  improving  the  fertil¬ 
ity  of  degraded  lands.  The  inclusion  of  leguminous  crops/trees  on 
poor  soils  can  result  in  marked  improvement  in  soil  fertility  by: 
increasing  soil  organic  matter  through  addition  of  leaf  litter  and 
plant  debris,  efficient  nutrient  cycling,  efficient  biological  nitrogen 
fixation,  little  loss  of  nutrients  from  the  system,  little  erosion  run 
off,  additional  nutrient  economy  i.e.  uptake  from  deeper  layers  and 
deposition  on  surface  layer  via  litter  [34]. 

Emissions  data  of  biodiesel  compared  to  diesel  in  Table  2  reveal 
that  emissions  can  in  fact  be  reduced  by  using  biodiesel  in  place 
of  petro-diesel.  There  is  noticeable  reduction  in  C02  and  S02  emis¬ 
sions  with  the  usage  of  biodiesel  in  place  of  diesel. 

An  integrated  approach  realizing  the  benefits  of  CDM  is  required 
to  be  implemented  with  proper  co-ordination  among  the  various 
governmental  and  non-governmental  organizations  to  achieve  the 
targeted  production  of  Jatropha  bio-diesel  as  per  National  Biodiesel 
Mission.  Such  approach  assumes  more  significance  for  ensuring  the 
welfare  of  the  rural  economy  while  protecting  the  environment  for 
future  generations  and  for  ensuring  the  availability  of  green  energy 
at  a  viable  cost. 

3.2. 1 .  Emissions  from  biodiesel  blends 

Researchers  [35-40]  have  reported  that  CO,  C02  and  unburnt 
hydrocarbon  (UBHC)  emissions  are  less  with  bio-diesel  and  its 
blends,  because  bio-diesel  has  oxygen  in  its  molecular  structure 
leading  to  better  combustion.  It  has  also  been  reported  that  NOx 
emissions  are  slightly  increased  with  bio-diesel  and  its  blends  with 
petro-diesel  [37,38,40].  This  may  be  due  to  the  higher  tempera¬ 
ture  in  the  combustion  chamber  while  using  biodiesel.  The  other 


Table  2 

Bio-diesel  emissions  compared  to  conventional  diesel  [11]. 


Emissions 

B100 

B20 

Regulated  emissions 

Total  unburned  hydrocarbons 

-93% 

-30% 

Carbon  monoxide 

-50% 

-20% 

Particulate  matter 

-30% 

-22% 

Nox 

+13% 

+2% 

Non-regulated  emissions 

Sulfates 

-100% 

-20% 

Polycyclic  aromatic  hydrocarbons 

-80% 

-13% 

NPAH  (nitrated  PAHs) 

-90% 

-50% 

Ozone  potential  of  speciated  hydrocarbons 

-50% 

-10% 
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most  frequently  pointed  out  reason  is  the  use  of  slightly  advanced 
injection  process  with  biodiesel.  NOx  emissions  may  be  reduced 
by  operating  engine  in  dual  fuel  mode  i.e.,  fuel  with  high  octane 
number  as  primary  fuel  and  high  cetane  number  as  pilot  fuel  [37]. 
Exhaust  gas  recirculation  can  result  in  NOx  emissions  reduction 
up  to  50%  and  reduce  smoke  emissions  by  15%  [41,42].  The  emis¬ 
sion  of  aromatic  and  polyaromatic  compounds,  as  well  as  their 
toxic  and  mutagenic  effect,  has  been  generally  reported  to  be  less 
with  biodiesel.  No  conclusive  trend  has  been  observed  regarding 
the  emissions  of  oxygenated  compounds  such  as  aldehydes  and 
ketones  [40].  Experimental  evidences  suggest  that  overall  toxic¬ 
ity  of  emissions  in  terms  of  metals  reduces  in  biodiesel  exhaust 
compared  to  diesel  exhaust  [43]. 

3.3.  Economical  issues 

Adoption  of  any  clean  fuel  technology/biofuel  requires  a  care¬ 
ful  consideration  on  the  economical  issues  such  as:  production 
cost,  cost-benefit  analysis  as  compared  to  petro-fuels,  long-term 
availability,  possible  employment  generation,  along  with  other 
competitive  options.  Even  a  serious  search  for  alternative  fuel  is 
more  dependent  on  the  supply  and  demand  of  crude  oil  and  result¬ 
ing  price  fluctuations  rather  than  any  other  issue. 

3.3.1.  Demand  and  supply  of  crude  oil 

The  India’s  energy  supply  system  is  dependent  on  fossil  fuels, 
which  are  finite  looking  at  their  rate  of  renewability.  Growing  sub¬ 
sidy  bill  on  petro-products  has  forced  the  Government  of  India  to 
resort  to  market  driven  de-regulated  petrol  pricing  depending  on 
international  crude  prices.  ‘Oil  shock’  in  2008  exposed  fragile  condi¬ 
tion  of  Indian  economy  burdened  with  growing  fiscal  deficit  under 
regulated  price  regime.  This  necessitates  search  for  energy  options 
or  policies  that  provides  fiscal  discipline  and  decreases  the  depen¬ 
dence  on  crude  oil  imports  and  saves  the  foreign  exchange  reserves 
for  other  developmental  purposes  ensuring  energy  security  with 
sustainability.  Usage  of  petro-diesel,  the  largest  consumed  petro- 
product  in  India  has  shown  an  average  growth  of  around  4%  in  past 
one  decade  though  in  the  last  three  years  the  average  growth  is 
around  9%.  It  clearly  indicates  that  even  with  conservative  esti¬ 
mates  in  growth  of  petro-diesel  demand  by  2020  total  petro-diesel 
demand  may  be  around  100  MT.  It  would  not  be  economically  fea¬ 
sible  to  meet  this  demand  solely  through  imports  as  well  as  due  to 
supply  constraints  and  its  impact  on  environment. 

Availability  of  crude  oil  at  affordable  price  in  Indian  political  eco¬ 
nomic  scenario  is  very  important.  On  account  of  over  dependence 
on  costlier  crude  oil  imports,  it  is  mandatory  to  have  an  economi¬ 
cally  viable  alternative.  Jatropha  biodiesel  was  being  sold  at  around 
Rs.  30-32  per  liter  in  India  to  state  run  transport  corporations  for 
blending  purposes  [44]. 

In  house  crude  production  in  India  was  33.51  MT  in  the  year 
2008-09  and  the  diesel  consumption  was  51.68  MT  where  as  the 
in  house  crude  production  stood  at  33.69  MT  in  the  year  2009-10 
against  the  diesel  consumption  of  56.32  MT  [45].  The  demand  sup¬ 
ply  gap  of  petro-diesel  is  more  likely  to  widen  in  coming  years 
making  Indian  economy  more  vulnerable  to  international  scenario 
in  this  sector.  A  sustainable  energy  regime  requires  that  depen¬ 
dence  on  external  supply  should  be  at  the  minimal  level.  In  this 
regard  a  policy  shift  towards  the  promotion  of  the  use  of  biodiesel 
and  taking  the  production  level  of  biodiesel  to  a  sustainable  extent 
requires  to  be  explored. 

3.3.2.  Altering  fuel  demand  and  use  pattern 

Despite  a  global  slowdown  in  economy,  India’s  energy  demand 
has  shown  an  increasing  trend.  In  terms  of  end-use,  energy  demand 
in  the  transport  sector  is  expected  to  be  particularly  high.  Drastic 
fluctuations  have  been  seen  in  the  pricing  of  petroleum  products. 


Table  3 

Categorization  of  waste-land  in  India  [11]. 


Type  of  land 

Area  in  Mha 

Forest  area 

3 

Boundary  plantations 

3 

Agro  forestry 

2 

Culturable  fallow  lands 

2.4 

Waste  lands  under  integrated  watershed  development 

2 

Strip  land  like:  railway,  road  &  canal 

1 

Total 

13.4 

Worldwide  it  was  argued  that  biofuels  are  costing  more  than  the 
petroleum  products.  It  was  only  a  short-term  phenomenon  due 
to  a  worldwide  economic  recession  causing  a  fear  of  decrease  in 
demand.  Again  the  crude  price  has  touched  around  $80-90  per  bar¬ 
rel  in  October-December  2010.  The  pricing  pattern  of  any  energy 
product  has  a  direct  implication  on  its  demand.  The  Hubbert’s  peak 
oil  theory  predicts  that  a  peak  is  nearly  reached  as  far  as  opti¬ 
mal  petroleum  production  is  concerned.  It  means  any  further  rise 
in  demand  of  petroleum  products  would  widen  the  gap  between 
demand  and  supply  leading  to  further  rise  in  the  prices  of  petro- 
products. 

According  to  Integrated  Energy  Policy  document  published  by 
planning  commission  India  needs  to  increase  its  primary  energy 
supply  by  at  least  3-4  times  from  their  2003-04  levels  by  2031-32 
in  order  to  maintain  8%  growth  rate.  Future  import  dependence 
on  crude  oil  is  expected  to  be  in  the  range  of  90%  making  energy 
security  a  concern  [4].  Prospect  of  gas  looks  good  after  reported 
discovery  of  several  gas  fields  and  they  may  make  a  significant  con¬ 
tribution  to  India’s  energy  portfolio.  Renewable  energy  options  are 
struggling  with  low  conversion  efficiencies,  seasonality  of  supply, 
problems  of  storage,  high  installation  cost  and  high  energy  cost  as 
compared  to  conventional  energy  sources.  Integrated  Energy  Policy 
formulated  by  Government  of  India  projects  that  maximum  contri¬ 
bution  of  renewable  energy  in  an  optimistic  scenario  will  be  around 
5-6%  of  total  energy  by  2031-32  [4].  So  renewable  can  be  used  as 
a  supplement  to  conventional  energy  wherever  possible.  Though 
in  the  longer  run  biofuel  as  a  renewable  energy  source  may  not  be 
proven  to  be  a  complete  substitute  for  petroleum  based  products 
but  they  can  be  used  along  with  them  in  order  to  reduce  depen¬ 
dence  on  costlier  imported  petroleum  products. 

3.3.3.  Affordable  land  for  biofuels 

Issues  such  as  availability  of  land,  without  affecting  flora,  fauna 
and  ecological  diversity,  become  critical  for  economies  like  India 
where  food  security  issues  threaten  the  political  and  economi¬ 
cal  stability.  There  are  large  tracts  of  wastelands  in  India,  which 
have  been  lying  almost  barren  for  decades.  From  Table  3,  it  can 
be  observed  that  around  13.4  Mha  of  waste  land  as  identified  by 
Indian  Government  could  be  utilized  for  biofuel  plantations  using 
wasteland  afforestation.  Wasteland  afforestation  is  found  to  be 
a  financially  viable  and  environmentally  sound  use  of  most  of 
these  lands.  In  addition,  tree  planting  on  wastelands  is  emerg¬ 
ing  as  a  potent  tool  for  arresting  the  increasing  misuse  and 
over-exploitation  of  these  lands  and  environmental  degradation. 
Although,  according  to  official  estimates,  available  waste  land  are 
apparently  more  than  adequate  for  meeting  the  targets  of  Phase- 
II  of  National  Biodiesel  Mission  but  in  reality  these  lands  may 
not  be  available  for  growing  Jatropha  since  these  are  already 
occupied  or  are  being  used  by  villagers  in  some  way  or  other 
[46]. 

Most  common  form  of  use  of  the  waste  land  is  for  cattle 
husbandry  [9].  This  would  surely  be  in  conflict  with  Jatropha 
cultivation  as  it  would  remove  the  only  source  of  livelihood  of 
such  section  of  people  which  depends  on  animal  husbandry.  It 
would  not  be  easy  for  the  Governments  to  acquire  these  lands  and 
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Table  4 

Indian  land  requirement  by  2020  in  Mha. 


Category 

Area 

References 

Food 

67 

[48] 

Commercial  &  residential  space 

0.8 

[49] 

Roads 

0.25 

[49] 

Table  5 

Employment  generation  from  Jatropha  biodiesel  production 
[50]. 

in  man  days/hectare 

Stage 

First  year 

Second  year 

Nursery 

68 

Nil 

Plantation 

122 

29 

Post-harvesting 

Nil 

56 

Oil  extraction 

Nil 

15 

Trans-esterification 

Nil 

14 

Total 

190 

114 

transfer  to  the  agencies,  persons  interested  in  cultivating  Jatropha. 
Taking  away  lands  from  them  would  encounter  stiff  resistance  in 
many  states  and  thus  large-scale  farming  in  the  fallow  lands  par¬ 
ticularly  by  the  corporate  would  not  be  politically  feasible.  Under 
a  democratic  set  up  no  state  can  afford  to  take  away  land  from 
a  large  number  of  farmers  through  coercion.  It  may  be  relevant 
to  mention  that  in  Brazil,  the  most  successful  country  in  ethanol 
production,  where  the  military  government  forced  a  large  number 
of  farmers  to  transfer  lands  to  corporate  for  cultivating  sugarcane 
that  would  be  used  to  produce  alcohol.  State  coercion  enabled  the 
corporate  to  acquire  and  consolidate  millions  of  ha  of  land  at  nom¬ 
inal  rates  [10].  National  Action  Plan  on  Climate  Change  (NAPCC) 
has  a  goal  of  afforestation  of  6  Mha  of  degraded  land  by  2017 
and  expanding  forest  cover  from  23%  to  33%  of  India’s  territory 
[47]. 

With  growing  population  several  other  sectors  such  as:  agri¬ 
culture,  housing,  transportation,  civic  facilities  and  industry  may 
compete  with  each  other  for  meeting  the  other  basic  needs.  Table  4 
shows  the  probable  land  requirements  for  different  sectors  by  2020. 
This  additional  requirement  may  clash  with  the  real  availability  of 
potential  waste  land  for  Jatropha  plantations.  The  data  also  shows 
that  major  additional  land  requirement  will  be  for  meeting  the 
food  requirements.  The  required  area  may  be  lower  than  this  if  per 
hectare  yields  improve  over  the  years.  This  also  indicates  clearly 
that  sparing  any  cultivable  lands  for  fuels  may  be  very  difficult 
under  Indian  scenario. 

3.3.4.  Employment  generation 

Economic  sustainability  includes  the  factors  such  as  lesser 
dependence  on  costlier  crude  oil  imports  as  well  as  insulating  the 
economy  from  associated  crude  oil  price  fluctuations.  One  of  the 
major  economic  benefits  that  would  accrue  to  a  state  from  the 
increased  use  of  biodiesel  is  the  presence  of  a  facility  that  creates 
energy  from  locally  grown  seeds  that  adds  value  to  the  state’s  indus¬ 
trial  and  income  base.  On  employability  parameters,  it  can  result  in 
manifold  increase  in  employment  opportunities.  As  observed  from 
Table  5,  190  man-days  per  ha  employment  is  possible  in  the  first 
year  and  1 14  in  the  second  year. 

Thus  Jatropha  cultivation  can  be  integrated  with  social  schemes 
of  Government  of  India  such  as  National  Rural  Employment  Guar¬ 
antee  Act  (NREGA)  for  rural  poor.  The  uneven  distribution  of  wealth 
and  with  a  large  population  base,  India  is  passing  through  social 
unrest  in  many  parts  of  the  country  leading  to  large  scale  of  violence 
in  many  forms.  Creation  of  such  locally  developed  employment 
opportunities  for  rural  poor  will  also  help  in  diluting  social  unrest 
generated  due  to  poverty. 


3.3.5.  Developing  biodiesel  supply  chain 

The  marketing  and  distribution  of  biodiesel  will  have  to  be  done 
in  a  decentralized  manner,  owing  to  the  nature  of  the  product 
through  collaboration  with  a  national  level  body  in  collaboration 
with  oil  marketing  companies  (OMCs)  or  through  co-operative  bod¬ 
ies.  A  sound  marketing  and  distribution  network  for  biodiesel  can 
ensure  the  successful  adoption  of  it  by  the  masses.  Biodiesel  sup¬ 
ply  chain  includes  raw  material  acquisition,  storage,  processing, 
storage  and  distribution  as  visible  from  Fig.  3. 

An  important  issue  in  Indian  context  is  poor  availability 
or  non-availability  of  power  has  resulted  in  poor  yield  or 
non-optimal  utilization  of  available  resources.  Co-operative  soci- 
eties/NGOs/Gram  Panchayats  must  ensure  crops  for  biodiesel 
production  in  isolated/rural  areas.  As  a  matter  of  policy  biofuel 
crops  must  be  procured  on  a  rational  basis  by  the  government  des¬ 
ignated  nodal  agency  on  a  viable  price.  In  future  this  may  even  lead 
to  severe  reduction  in  pricing  of  crucial  feedstock  for  the  produc¬ 
tion  of  biodiesel.  Entrepreneurs  must  be  motivated  to  set  up  the 
biodiesel  production  facility  in  isolated/remote  areas  to  overcome 
the  energy  scarcity  and  pass  on  the  benefits  to  true  stakeholders 
for  their  development.  Initially  almost  every  district  must  have  at 
least  one  pump  station  that  sells  biodiesel.  As  per  the  findings,  it 
has  been  suggested  that  the  websites  of  oil  marketing  companies 
must  post  a  map  of  retail  outlets  for  biodiesel  across  the  whole 
country.  Moreover,  the  OMCs,  as  per  the  biodiesel  purchase  policy 
of  Government  of  India  must  ensure  the  regional  fuel  distributors 
to  get  more  biodiesel  supplied  locally  as  per  the  quality  norms  of 
BIS  15607:2005  at  the  best  possible  price  [51]. 

3.3.6.  Cost  benefit  analysis 

One  of  the  most  important  sustainability  issues  for  Jatropha 
biodiesel  is  its  economics  with  respect  to  petroleum-diesel.  The 
cost  components  of  biodiesel  are  the  price  of  seed,  seed  collection 
and  oil  extraction,  oil  trans-esterification,  transport  of  seed  and  oil. 
At  prevailing  minimum  labour  wages  of  around  Rs.  140  per  day, 
the  total  annual  income  required  will  be  around  Rs.  51,000.  With 
3.5  tons  of  Jatropha  seed  yield  per  hectare,  Rs  1 6  per  kg  is  minimum 
advisable  price  of  seeds  taking  in  to  care  the  minimum  fertilization 
and  irrigation  needs.  At  Rs  16  per  kg  of  seed  cost  and  considering 
declared  good  tax  @4%  as  declared  by  Government  of  India,  the 
break  even  selling  price  of  Jatropha  biodiesel  comes  about  Rs.  48 
per  liter  considering  gains  from  selling  by-products  like  seed  cake 
and  glycerol  as  compared  to  prevailing  state  administered  selling 
price  of  petro-diesel  around  Rs.  41  per  liter.  5%  blending  of  biodiesel 
costing  Rs.  48  with  petro-diesel  of  prevailing  selling  price  at  approx¬ 
imately  Rs.  41  per  liter  will  increase  the  total  cost  by  around  Rs. 
0.40  per  liter.  For  20%  blending  it  will  go  up  by  Rs.  1.6  per  liter. 
At  prevailing  state  administered  pricing  of  petro-diesel  the  OMCs 
are  suffering  under  recoveries  at  the  rate  of  Rs.  4.80  per  liter  corre¬ 
sponding  to  the  prevailing  crude  pricing  in  international  markets 
[52]. 

Looking  at  the  present  scenario,  a  tentative  costing  of  biodiesel 
has  been  worked  out  in  Table  6  on  the  basis  of  various  reported 
literature  [11]  and  market  conditions.  From  the  data,  it  is  evident 
that  cost  of  Jatropha  biodiesel  comes  out  to  be  around  Rs.  48.31  per 
liter  while  in  the  past,  biodiesel  has  been  sold  at  around  Rs.  30-32 
per  liter  [44]. 

Price  of  petro-diesel  is  once  again  hovering  around  Rs.  41  per 
liter.  Table  7  shows  the  typical  cost  components  of  petro-diesel. 
Here  it  can  be  seen  25%  of  the  cost  is  local  taxation  and  it  forms  a 
large  component  of  revenue  for  state  governments.  This  aspect  has 
to  be  taken  in  to  the  consideration  while  forming  policy  of  finalizing 
the  cost  of  bio-diesel. 

Appropriate  technology  needs  to  be  developed  keeping  in  mind 
the  economies  of  scale.  If  the  objective  is  to  meet  the  domestic 
requirements,  small-scale  production  meeting  local  requirement 
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Table  6 

Cost  of  biodiesel  production. 


Cost  component 

Rate  (Rs./kg) 

Quantity  (kg) 

Cost  (Rs.) 

Seed 

16 

3.28 

52.48 

Cost  of  collection  and  oil  extraction 

2.36 

1.05 

2.478 

Less  cake  produced 

1 

2.23 

-2.23 

Trans-esterification  cost 

6.67 

1 

6.67 

Less  cost  of  glycerol  produced 

50 

0.095 

-4.75 

Cost  of  biodiesel  per  kg 

54.65 

Declared  goods  tax@4% 

2.19 

Total  cost  per  kg 

56.84 

Cost  of  biodiesel/liter  (specific 

48.31 

gravity  of  0.85  at  1 5  °C) 

of  biodiesel  would  not  only  save  a  lot  of  transportation  costs  but 
also  solve  the  organizational  and  coordination  problems. 

The  use  of  biodiesel  is  recommended  in  older  engines  for 
reducing  emissions,  and  by  providing  subsidies  equal  to  the 
external  benefits,  cost  parity  with  petro-diesel  may  be  reached. 
This  may  result  in  significant  quantity  of  biodiesel  production 


Table  7 

Retail  price  of  diesel  in  Bhopal  (INDIA)  for  1 1  as  on  01.07.2010. 


Heads 

Unit 

Rate 

Total 

Ex  depot  price 

Rs/KL 

32904.90 

32904.90 

Reduction 

Rs/KL 

91.19 

-91.19 

Entry  tax 

% 

1% 

329.05 

RPO  factor 

Rs/KL 

21.27 

21.27 

Local  transport 

Rs/KL 

44 

44 

Other  levies 

Rs/KL 

1 

1 

VAT  payable 

% 

23% 

7568.13 

License  fee  recovery 

Rs/KL 

15 

15 

Retail  price 

Rs/KL 

40792.16 

Net  retail  price 

Rs/L 

40.79 

[53].  Co-operative  based  production  and  utilization  of  Jatropha 
biodiesel  may  be  more  cost  effective  taking  lessons  from  successful 
co-operative  dairy  business  model  in  Indian  scenario  [54]. 

3.4.  Social  issues 

Indian  political  system  is  very  sensitive  and  fragile  for  any  tough 
economic  decision.  Acceptability  of  any  new  energy  source  is  not 
only  cost  sensitive  but  also  seen  as  a  possible  threat  to  revenue 
earning  models  of  the  states  on  account  of  high  taxation  on  petro- 
products.  Any  adverse  publicity  of  any  biofuel  for  its  possible  ill 
effects  on  soil  productivity  or  cost  of  food  materials  may  force  the 
state  to  backtrack  from  taking  any  initiatives  for  promoting  the  bio¬ 
fuels.  Under  nutrition  and  hunger  are  still  dominating  in  rural  India 
resulting  in  several  reported  incidents  where  children  have  fallen  ill 
after  eating  up  toxic  Jatropha  seeds  causing  less  social  acceptability 
for  Jatropha  seeds  cultivation. 

3.4.1.  Food  vs  fuel 

In  India  about  60%  of  population  is  associated  with  agriculture 
and  related  activities  and  half  of  this  population  residing  in  rural 
areas  is  either  marginal  farmers  or  landless  labourers.  Available 
agricultural  land  is  not  proving  to  be  sufficient  to  grow  food  grains 
at  an  affordable  price  in  India  due  to  lower  productivity  and  depen¬ 
dence  on  monsoon.  Besides  this  fact,  the  incentive  to  switch  land 
use  from  food  crops  to  fuel  crops  may  severely  unbalance  food  eco¬ 
nomics  if  farmers  see  more  profits  in  biofuel  as  compared  to  food 
crops.  Feedstock  production  for  biofuel  depends  critically  on  factors 
like  land  and  water.  Future  projections  of  some  key  socio-economic 
indicators  of  India  as  compared  to  that  of  1 990  are  shown  in  Table  8. 

These  indicators  clearly  demonstrate  the  challenges  ahead 
before  the  Indian  economy  for  meeting  the  food  and  energy  needs. 
The  competition  for  land  for  industrial  development,  energy 
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Table  8 

Some  key  socio-economic  indicators  of  India  [55]. 


1990s 

2020s 

2050s 

Population  projections  (millions) 

846 

1354 

1888 

GDP  projections  (Rs.  Crore) 

886,933 

5,094,093 

14,298,068 

Demand  for  food  grains  (million  tons) 

176 

295 

450 

Required  food  grain  productivity 
(tons/hectare) 

1.7 

2.3 

3.5 

Demand  for  electricity  by  urban 
households  (mtoe) 

3.9 

23.4 

69.4 

plantation  and  food  has  picked  up  in  India  due  to  fast  growing 
population.  The  inability  of  the  industrial  and  service  sectors  to 
generate  employment-oriented  growth,  which  can  deploy  the 
increasingly  young  population  in  the  rural  areas,  has  further  given 
rise  to  migration  from  rural  to  urban  areas  and  causing  pressure 
on  the  urban  civic  facilities.  Traditionally,  biomass  has  been  grown 
as  food  crops  and  biomass  energy  typically  is  a  waste  product  of 
agricultural  output.  In  this  scenario,  there  is  more  synergy  than 
conflict  between  food  and  energy  security  goals.  The  growing 
emphasis  on  the  cultivation  of  bio-fuels  may  shift  the  balance  of 
this  traditional  approach  and  bio-fuels  will  start  competing  for 
land  and  water  and  thus  initiating  food  vs  fuel  security  debate. 

Biofuels  should  not  affect  yield  of  main  crops  threatening  food 
security.  Jatropha  should  be  planted  into  the  assigned  class  of 
land  with  poor  value  crops  such  as  millets  and  Niger  as  intercrop. 
Jatropha  can  be  cropped  along  with  Lentil/Linseed  as  Rabi  crop  and 
along  with  Mungbean/Cowpea  as  Kharif  crop.  It  can  also  be  planted 
in  combination  with  a  shaded  perennial  crop  system  i.e.  Turmeric/ 
Ginger.  It  can  be  cultivated  as  Agri-Horti-Silviculture  with  Ber, 
Brinjal  and  Mothbean  or  Karonda,  Okra  and  Clusterbean  or  Guava 
and  Cucurbits.  It  can  be  grown  along  with  medicinal  crops  like 
Brahmi,  Adusa,  Kalmegh,  Ashwagandha,  Isabgol  and  Mentha  [34]. 

Furthermore,  farmers  are  not  properly  sensitized  about  the  cul¬ 
tivation  techniques,  particularly  at  the  post  seedling  stage  [9]. 
Farmers  assume  that  once  it  is  planted,  it  will  grow  on  its  own  and 
yield  the  fruits  without  any  care  as  it  occurs  in  the  wild.  In  reality 
it  is  an  input  responding  plant,  meaning  that  fertile  land,  fertilizer 
and  pesticides  as  well  as  better  irrigation  will  lead  to  much  higher 
oilseed  yields  [56].  Therefore,  it  needs  both  improvements  of  the 
genetic  varieties  as  well  as  diffusion  of  cultivation  techniques  at 
commercial  level. 

3.4.2.  Toxicity  and  safety  issues 

Biodiesel  is  regarded  as  non-toxic.  The  acute  oral  lethal  dose 
is  greater  than  17.4g/kg-body  weight.  It  causes  very  mild  human 
skin  irritation  that  is  less  than  the  irritation  produced  by  4%  soap 
and  water  solution.  It  is  biodegradable.  Bio-diesel  has  a  flash  point 
of  about  300  F  well  above  conventional  diesel  fuel.  The  aquatic 
toxicity  of  biodiesel  has  also  been  found  as  “insignificant”.  More¬ 
over  it  does  not  contain  chemicals  known  to  cause  cancer  [11]. 
It  has  been  reported  that  the  proportion  of  Jatropha  seeds  in  the 
diet  of  mice  influences  the  degree  of  the  pathological  abnormality. 
The  inclusion  of  5%  Jatropha  in  the  diet  had  no  significant  effect 
on  liver,  heart,  kidneys  or  lungs  while  inclusion  of  higher  levels 
of  Jatropha  produced  congestion,  haemorrhage  and  degenerative 
changes  in  these  organs  [57].  It  is  suggested  that  the  seeds  contain 
large  amounts  of  useful  oils  and  a  phytotoxin,  similar  to  ricin  of 
Ricinus  communis  and  probably  other  toxic  ingredients  [58].  Curcin, 
a  toxalbumin  is  reported  to  be  highly  irritating  and  remains  in  the 
seed  after  the  oil  have  been  expressed  [59].  Jatropha  curcas  seeds 
could  be  a  useful  chemotherapeutic  agent  at  a  non-lethal  dose.  In 
certain  African  countries  people  are  accustomed  to  chewing  these 
seeds  in  form  of  a  laxative.  Some  researchers  have  also  given  exam¬ 
ples  of  natural  weeds  containing  hepatotoxic  substances,  which 
may  be  responsible  for  liver  damage  and  primary  liver  tumours 


in  man  [60].  Researchers  have  observed  that  Preussomerin  and 
deoxypreussomerins  molecules  of  Jatropha  plant  possess  a  wide 
range  of  biological  properties  including  antibacterial,  antifungal, 
herbicidal,  antibiotic  and  antitumor  activities  [61,62].  It  has  also 
been  reported  that  the  Jatropha  curcas  oilcake  is  not  suitable  for 
feeding  livestock  because  of  toxic  compounds  such  as  phorbol 
ester  and  curcin  [63-67]. 

4.  Government  support/initiatives 

Success  of  any  wide  spread  Jatropha  plantation  program  and 
promotion  of  the  use  of  Jatropja  biodiesel  blends  with  biodiesel 
are  not  possible  without  active  government  support  and  proper 
policy  framework.  Fluge  tax  component  in  the  pricing  of  petro- 
diesel,  as  shown  in  Table  6,  makes  it  very  clear  that  the  biodiesel 
can  find  its  place  only  after  a  due  support  from  the  government.  A 
fine  balance  has  to  be  struck  where  it  can  be  assured  that  without 
affecting  the  state  revenue  the  use  of  bio-diesel  can  be  promoted. 
HSD  is  the  largest  consumed  petro-product  in  India  on  account  of 
better  mileage,  power  and  lower  administered  price  compared  to 
petrol  [68].  Mass  utilization  of  diesel  in  India  imposes  a  threat  to 
meeting  the  future  energy  needs,  if  the  unexpected  volatilities  in 
the  price  of  petroleum  persists  in  future  and  Government  of  India 
permits  OMCs  to  sell  diesel  at  uncapped  price  [69].  The  transi¬ 
tion  from  petroleum  based  oils  to  other  energy  sources  needs  a 
significant  lead  time  in  terms  of  addressing  the  technological,  eco¬ 
nomical  and  environmental  aspects  and  policy  issues.  Considering 
vulnerable  energy  security  in  India  along  with  the  need  for  sus¬ 
taining  economic  development,  renewable  energy  in  the  form  of 
biofuels  is  one  of  the  most  promising  alternatives.  Biofuels  are  the 
prime  candidates  aimed  at  mitigation  of  climate  change  impact  and 
waste/barren  land  reclamation  through  plantations. 

The  state  has  to  play  a  proactive  role  in  motivating  and  organiz¬ 
ing  these  farmers  to  cultivate  Jatropha.  Since  the  initial  few  years 
the  poor  farmers  will  not  gain  anything  except  spending  money 
and  labour,  for  their  immediate  survival  some  alternative  sources 
of  earning  has  to  be  provided.  Not  only  Brazil,  most  other  coun¬ 
tries  like  the  USA,  EU  countries,  etc.,  are  trying  to  promote  biofuel 
production  domestically,  adopted  various  means  of  providing  sub¬ 
sidies,  tax  concessions,  tariff  and  non-tariff  restrictions  on  imports 
of  biofuels,  etc.  [9].  Under  NREGA,  100  days  of  wage  employment 
has  been  guaranteed  for  the  livelihood  securities  of  people  in  rural 
areas  in  a  financial  year  to  a  rural  house  hold  whose  adult  members 
volunteers  to  do  unskilled  manual  work.  Interlinking  of  this  as  well 
as  other  such  type  of  social  welfare  schemes  for  nurturing  Jatropha 
plantations  in  waste  lands  and  to  take  care  the  livelihood  needs  of 
cultivators  during  gestation  period  till  the  full  growth  of  Jatropha 
plant.  Favorable  biofuel  policies  may  help  India  in  achieving  the 
concept  of  Energy-based  economic  development  [70].  Issues  such 
as  energy  security,  use  of  alternative  fuels,  and  interchangeability 
of  technology  are  vital  to  ensure  that  the  mix  of  energy  sources 
used  in  the  economy  is  optimal  and  sustainable  and  that  adequate 
quantities  of  economically  priced  clean  and  green  fuels  are  made 
available  to  the  Indian  consumers  [71]. 

Identification  of  potential  land,  providing  incentives  in  form  of 
subsidies  and  developing  a  mechanism  to  support  a  system  during 
the  gestation  period  along  with  assuring  a  minimum  support  price 
for  Jatropha  seeds  with  a  proper  collection  mechanism  are  some 
critical  issues  required  to  be  answered  through  government  poli¬ 
cies.  In  present  scenario  targeting  20%  blending  on  uniform  basis 
appears  to  be  more  optimistic  rather  than  realistic. 

5.  Recent  Indian  experiences  with  biodiesel 

Several  state  governments  like  West  Bengal,  Gujarat,  Flaryana, 
Andhra  Pradesh,  Uttaranchal,  Rajasthan  and  Chhattishgarh  have 
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taken  initiatives  by  setting  up  nodal  agencies  to  promote 
cultivation  of  biodiesel  crops  primarily  Jatropha.  Most  inten¬ 
sive  steps  have  been  taken  by  Chhattisgarh  state  government  by 
counter-guaranteeing  the  purchasing  of  Jatropha  seeds  @Rs.  4.50 
per  kg  and  biodiesel  @Rs.  18  per  liter.  Government  fallow  land  is 
being  offered  on  lease  to  the  private  entrepreneur  to  undertake  Jat¬ 
ropha  plantations.  State  Government  of  Andhra  Pradesh  proposed 
Jatropha  cultivation  in  15  lakh  acres  in  next  few  years  with  90% 
drip  subsidy.  Jatropha  cultivation  is  to  be  taken  up  only  in  cul¬ 
tivable  lands  with  existing  farmers  with  crop  and  yield  insurance. 
National  Oilseed  and  Vegetable  Oil  Development  Board  (NOVOD) 
has  developed  improved  Jatropha  seeds,  which  have  oil  contents 
up  to  1.5  times  of  ordinary  seeds.  However,  being  in  short  supply, 
initially  these  improved  Jatropha  seeds  would  be  supplied  only  to 
Agricultural  Universities  for  multiplication  and  development. 

Indian  Railway  in  general  and  Southern  Railway  in  particular 
started  using  biodiesel  as  an  alternate  fuel  to  petro-diesel.  Some 
private  players  have  also  started  working  in  the  field  of  biodiesel  on 
commercial  lines.  Despite  efforts  from  different  agencies  no  major 
breakthrough  in  developing  production  and  distribution  system 
has  been  achieved  in  absence  of  any  major  initiative  at  central  level 
[72]. 

6.  Conclusions 

Biodiesel  holds  great  promise  as  a  sustainable  energy  source,  if 
sustainability  issues  as  mentioned  above  are  taken  care  and  ana¬ 
lyzed  carefully  in  Indian  scenario.  These  sustainability  issues  can  be 
regrouped  in  four  major  categories:  technological,  environmental, 
economic  and  social. 

Important  technological  issues  like  higher  NOx  emissions,  oxi¬ 
dation  during  storage,  poor  lubrication  properties  and  problem  in 
cold  starting  also  need  to  be  addressed  to  make  the  use  of  biodiesel 
acceptable  to  industry.  Issues  such  as  green  house  effect,  poten¬ 
tial  of  mitigating  environmental  degradation,  and  impact  on  soil 
are  part  of  environmental  issues.  Using  biodiesel  would  definitely 
lead  to  reduction  in  C02  emission.  Jatropha  plantation  can  pro¬ 
vide  alternative  viable  options  to  improve  the  degraded  ecosystem 
improving  the  fertility  of  degraded  lands.  Pricing  issue,  impact  of 
by  products  on  the  production  economics,  potential  of  earning 
carbon  credits  are  few  issues  related  to  economic  sustainability 
of  bio-diesel.  Employment  generation,  debate  on  energy  vs  food, 
government  policies  are  part  of  social  issues. 

Interlinking  of  state  sponsored  social  welfare  schemes  for 
providing  livelihood  with  works  such  as:  nurturing  Jatropha  plan¬ 
tations  in  waste  lands  and  for  meeting  the  livelihood  needs  of 
cultivators  during  gestation  period  till  the  full  growth  of  Jatropha 
plant  require  a  careful  policy  draft  on  the  part  of  government. 
Availability  of  land,  for  Jatropha  plantation  on  commercial  basis, 
is  a  major  constraint.  By  2020  for  meeting  the  food  needs  only, 
additional  67  Mha  land  may  be  required.  Thus  leaving  anything  for 
meeting  the  biofuel  needs  from  cultivable  lands  is  almost  impos¬ 
sible  under  Indian  scenario.  On  employability  parameters,  it  can 
result  in  manifold  increase  in  employment  generation  for  rural 
people  under  NREGA.  Thus  biodiesel  development  by  itself  could 
become  a  major  poverty  alleviation  programme  for  the  rural  poor 
apart  from  providing  energy  security  to  the  country  in  general  and 
to  the  rural  areas  in  particular  and  upgrading  the  rural  non-farming 
sector. 

Recent  Indian  experience  make  it  necessary  to  set  up  demon¬ 
stration  units  in  different  parts  of  the  country  in  order  to  further 
analyze  the  yield,  and  effectiveness  of  the  cultivation  techniques  in 
the  field  under  different  locations,  and  to  acquaint  the  neighboring 
cultivators  with  the  crops,  cultivation  techniques,  productivity  and 
economic  benefits,  and  thus  to  motivating  the  cultivators  to  grow 


this  crop.  A  focus  on  one  issue  may  not  necessary  yield  positive 
impact  on  another  issue.  Thus  a  fine  balance  has  to  be  struck  in  all 
the  relevant  sustainability  issues  yielding  an  optimal  solution  while 
framing  any  policy  framework  or  government  initiative  to  promote 
the  large-scale  production  and  use  of  bio-diesel.  Co-operative  based 
production  and  utilization  of  Jatropha  biodiesel  may  be  more  cost 
effective  taking  lessons  from  successful  co-operative  dairy  business 
model  in  Indian  scenario. 

In  India  research  on  bio-diesel  is  in  infant  stage,  failure  of  Phase- 
I  of  National  Biodiesel  Mission  has  also  raised  serious  queries  about 
the  preparedness  of  India  to  develop  and  use  biodiesel.  There  is  a 
dire  need  to  adopt  rigorous  programs  on  the  technological  devel¬ 
opment  for  its  production,  utilization  of  by  products  and  evaluation 
in  various  types  of  engine  with  respect  to  power  output,  emissions 
and  even  malfunctioning,  etc. 
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